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 针对这个应用，本文设计了一款 MP3 音频播放的 SOC。首先进行了 MP3 解
码算法的优化和验证，实现了 MP3 文件的解码功能。然后基于 IP 核的复用技术
将 MP3 解码器、MCU 内核、USB 收发器、A/D 转换器和 D/A 转换器等模块集
成在一起成为一款 SOC。可以读取 SD 卡和 U-disk 设备的数据，并将数据送到
MP3 解码器进行解码；可以实现音频数据的播放和录音的功能；还可以直接对







（2）在 MCU 内核的片内总线上，采用乒乓结构的缓存单元和异步 FIFO 将
各个 IP 核集成在一起，解决了接口速度和时钟速度不匹配的问题。 
 （3）采用内存共享技术来实现 SOC 的设计。首先 MP3 解码器内部的子模
块采用时分复用的方法对公共 RAM 进行反复的读写，使 MP3 内存最小化。然
后 MP3 的 RAM 空间与 MCU 内核的存储单元进行共享，在 MP3 解码器处在非
工作状态时，其内部 RAM 当做 MCU 的片外 RAM 使用，增加了 MCU 的处理
能力。 
 















MP3 music is the most popular music format on the Internet because of its good 
tone quality and compression ratio that occupies broad music market. A growing 
number of portable electronics devices process MP3 music player requiring separate 
hardware systems to decode MP3 music. 
An MP3 audio player SOC is designed for the application above in this article. 
Firstly the validation and optimization of the MP3 decoder is carried out and MP3 
music decoding function is realized. Based on IP core multiplexing technology, 
modules of MCU core, USB transceiver, A/D converter and D/A converter are 
integrated in the next, which can read data from SD cards and U-disk devices and 
send the data to the MP3 decoder function to restore the raw PCM audio data. 
Function of playing external audio data and recording are also realized; operations can 
be programmed directly on the MCU core that can form a complete hardware system. 
This article solves key technical problems including the following points: 
 (1) Using the symmetry of the cosine function, the calculating capacity in MP3 
decoding process can reduce by half, to accelerate the decoding speed and achieve 
real-time decoding. Serial of left and right tracks is used to process decoding scheme 
in the overall architecture. Under the premise of real-time decoding, hardware 
resources and the chip area are saved under proper decoding clock frequency. 
 (2) Each IP core are integrated using the cache unit of Ping-pong structure and 
asynchronous FIFO on chip bus of MCU core to solve the problem of mismatching 
between interface speed and clock speed. 
 (3) Memory sharing technology is used to achieve the SOC design. Firstly the 
sub-module in the MP3 decorder reads and writes the public RAM repeatedly by 
time-division multiplexing to minimize the MP3 memory. Afterwards RAM space of 
MP3 and storage units of MCU core are shared. Therefore when the MP3 decoder is 















the processing power of MCU. 
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第1章  绪论 
















[3]。这种技术是由动态图像专家组（MPEG，Moving Pictures Experts Group）制
定并在 1993 年成为国际标准 ISO/IEC11172-3。其中 MPEG-1 定义了音频中高保




标准 CD 格式音乐来说，采样率 44.1kHZ，量化位宽 16 位的音乐的码率为
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达到 1:10~1:12。MP3 格式的歌曲已经成为互联网上最受欢迎也是传播量最大的
音频格式文件。虽然，MPEG-2 中的 AAC 音频编解码标准[4]能提供更高的压缩
比，但是 AAC 格式文件需要收取专利费，目前还没有流行。MP3 格式的歌曲可
以免费下载，再加上良好的音质和较低的码率，在今后很长的时间内仍然会占据
着音频格式文件的主流地位。 






器、MP3 解码模块和必要的外围功能模块等硬件组成的 SOC（System on a chip）
来实现。采用定制的硬件电路方法可以充分提高资源利用率、降低成本，成为 IC
设计的一个重要领域。 
1.2  关键技术及其研究现状 
1.2.1  MP3 编解码技术 
声音经过 A/D 转换后成为原始的 PCM 码流，对 PCM 码流进行一系列变换 
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